Short-term labor market shocks, such as job displacements, can have persistent effects on workers' earnings, employment and job stability, consumption, and access to health insurance. A long literature suggests these changes in workers' socioeconomic conditions have potentially important effects on health outcomes, but existing studies associating job loss to health status face several problems of measurement and identification. This paper uses a large longitudinal administrative data set of quarterly earnings and employer records matched to information on individual mortality outcomes to estimate the long-term effect of a job loss during a mass layoff on mortality. We find that a job loss leads to a 15-20% increase in the probability of dying in the 20 years following a job loss. The initial and the long-run responses are particular pronounced. To examine the channels of the mass layoff effect, we exploit the panel nature of our data -covering over 15 years of earningsto analyze the correlation of long-run career conditions, such as the average and the variance of earnings, with mortality, something not possible with typical data sets. A lasting decrease in earnings and a rise in earnings instability due to mass layoffs have the potential to explain a significant fraction of the effect of a job loss on mortality.
Introduction
Regular economic activity can expose workers to shocks to their career development. While for many workers these shocks may be short-lived, a growing literature shows that short-term career shocks -such as involuntary job losses or cyclical downturns -can have large and persistent effects for large groups of workers. For example, mature displaced workers tend to experience long-term earnings losses, reduced employment probabilities, early retirement, increased job instability, as well as reductions in consumption and a loss in health insurance coverage.
2 Similarly, cyclical shocks can lead to persistent earnings declines and long-term increases in the variance of career outcomes, especially for younger and lower educated workers. 3 This has been of continued concern to policy makers, partly because workers have been exposed to increasing instability in earnings, a decline in long-term employment relationships, and recently increases in displacement rates. 4 The comprehensive effects of job loss and other career shocks on the socio-economic conditions of workers are particularly worrisome, since a large literature documents a strong correlation of income and health. Moreover, an increasing amount of research links stress from economic uncertainty and unemployment to unhappiness and mental health. A growing literature in epidemiology has also linked job losses to strokes and heart attacks and other detailed health measures, especially for older workers. While highly suggestive of an important relationship between career shocks and health outcomes, the existing empirical evidence linking economic status and job loss to health suffers from a variety of measurement and identification problems. At present, no comprehensive study of the relation of career outcomes and exogenous labor market shocks on health exists, partly due to a lack of data on detailed longitudinal career and health information for a large sample of workers.
We use a large administrative longitudinal data set of individual earnings and employment information matched to employer characteristics and individual mortality outcomes to study the relationship between long-term career outcomes and mortality rates. Following Jacobson, Lalonde, and Sullivan (1993) , we use our data, spanning over 15 years of quarterly earnings and employer records from the unemployment insurance system in Pennsylvania, to identify workers displaced at mass-layoffs occurring at the plant level. We then follow the incidence of mortality for these workers up until 20 years after a job loss and compare them to mortality of similar workers who stayed at their plant. To examine the multiple channels through which job loss can affect mortality, we first study the correlation of multiple long-term career outcomes -such as average earnings, employment mobility, and the variance of earnings -with death. We then use these results combined with additional estimates of mass-layoffs on our measures long-term career outcomes to interpret the alternative channels of the 'reduced form' effect of mass-layoffs on mortality.
The data we use is ideal for our purpose, since the longitudinal information on individual workers' earnings and employment allows us to construct detailed measures of long-term career outcomes; we are not aware of any other study of the socio-economic determinants of mortality using such detailed career information. Second, longitudinal information on establishment size enables us to identify large changes in employment at the establishment level that are plausibly exogenous to workers' own health developments. Thereby, we are able to overcome some of the problems existing studies of the effect of job loss on health. Third, reliable information on death from administrative sources for a long follow-up period allows us to estimate the effect of job loss on an objective health measure with sufficient precision.
We find that job displacements at mass-layoffs increase the long-term probability of dying by 15-20%. This result, robust to controls for average earnings, age, or cohort effects, follows a Ushape; mortality rates are particularly high in the years following a job loss and after a prolonged period of time. This is consistent with an initial increase in mortality from acute stress and a longterm increase in mortality from chronic stress resulting from permanently lower average earnings and persistent increases in the instability of earnings and employment. In fact, given our estimates of the correlation of permanent earnings and the variance of earnings with mortality, the strong effects of job displacements from mass-layoffs on these career outcomes could explain about 50-75% and 20% of the mass-layoff effects, respectively. Clearly, the stress caused by mass-layoff is likely to have additional direct effects on mortality not captured by our measures of career outcomes.
Our paper contributes to the existing literature in at least three ways. First, it is one of the first papers estimating the long-term effect of a plausibly exogenous labor market event -a job loss during mass-layoffs -on an objective measure of health for a large group of workers. It thereby helps to establish a true link between labor market outcomes, socio-economic variables, and health outcomes. Second, it is the first study to provide a comprehensive analysis of the correlation of permanent earnings and long-term instability in earnings and employment and mortality. Third, it provides estimates of the long-term effects of mass-layoffs on a range of career outcomes that are a contribution to the literature on the effects job displacements in their own right.
The next section gives a brief overview of the existing literature. The third section describes our approach and our data. The fourth section discussed the main results. First, it documents the correlation of mortality with permanent earnings and other career outcomes. Second, it analyzes the effects of mass-layoff on mortality. Third, it studies the effects of mass-layoff on other career outcomes and uses the results to interpret the sources of the effect of job loss on mortality. The last section concludes.
Literature Review: Why Should Job Losses Affect Mortality?
Job displacements and other negative economic events can have both direct and indirect impacts on health outcomes. Furthermost, job loss has strong effects on several economic channels that may influence health. A large literature has shown that job losers can experience substantial and long-lasting declines in earnings (e.g., Ruhm 1991 , Jacobson, Lalonde, and Sullivan 1993 , Schoeni and Dardia 2003 , Couch 2006 . The decline in earnings is larger for older and high tenured workers (e.g., Kletzer 1998), for workers in manufacturing, and for workers living in economically depressed areas. Job losses can also lead to substantial increases in earnings instability, by raising the propensity of non-employment and further job losses (e.g., Stevens 1997 , Farber 2003 . In addition, it has been shown that job losses affect consumption (Gruber 1997, Browning and Crossley 2001) , and access to health insurance (Olson 1992) .
Similarly, a growing literature shows that economic conditions in the local labor market and the firm have long term effects on workers' earnings and career instability. Cyclical swings have highly persistent effect on earnings (e.g., Oreopoulos, von Wachter, and Heisz 2006 , Kahn 2006 , Oyer 2006 , and have lasting effects on job mobility and job quality, especially for less-advantaged workers (e.g., Oreopoulos et al. 2006) . Economic conditions at the time of hiring can also have persistent effects within firms (e.g., Beaudry and DiNardo 1991, Baker, Gibbs and Holmstrom 1994) . A growing number of papers suggest that these effects have become more pronounced since the mid-1980s. For example, the incidence of job loss and the variance of transitory and permanent earnings shocks has been increasing (e.g., Aaronson and Sullivan 1998 , Farber 2003 , Gottschalk and Moffitt 1994 , 2002 , possibly due to a rising importance in incentive pay (e.g., Lemieux, MacLeod, and Parent 2006) .
A separate strand of literature documents a significant correlation between income and health and mortality. At face value, the existing estimates of the impact of income on health would imply a strong effect of job loss on, say, mortality (e.g., Deaton and Paxson 1999) . However, such estimates may be biased due to reverse causality running from health to income, omitted worker characteristics, as well as measurement error. 5 These difficulties have led recent observers of the literature deemphasize the effect of income on health in favor of more lasting individual traits such as education (e.g., Cutler, Deaton, and Lleras-Muney 2006). There are indeed few studies of the effect of income on health with a research design that allow identification of a causal relationship.
An exception is a recent experimental study analyzing lottery winners in Sweden that confirms a significant causal relationship running from income to health (Lindahl 2005) .
5 Another important question is regarding the source of any true income effects of health; these might arise from lack of access to health improving investments, or from effects through social-status and relative deprivation (e.g., Deaton 1999, Miller and Paxson 2001) . Our analysis of rank confirms recent studies in showing that the relationship between a worker's rank in the baseline period either within county, industry, or initial employer is only weakly correlated with mortality.
Part of the difficulty in studying the effects of detailed career outcomes and exogenous career shocks on health is the lack of data. In particular, typical studies do not have good measures of permanent income and other long-term career outcomes such as earnings instability. This makes it impossible to assess the effect of, say, earnings instability on health. Similarly, most studies cannot measure economic shocks that could be used as plausibly exogenous events to measure the effect of career outcomes on health. For example, the best income data currently available for studies of health in the U.S. comes from the Current Population Surveys, which provide information only on income in the year prior to the survey with little longitudinal information on careers or employers.
6
This can lead to a downward bias in estimates of the impact of permanent income on mortality due to classical measurement error arising from respondents' inaccurate reporting (Bound and Krueger 1991) as well as an error in approximating permanent income by current income (e.g., Haider and Solon 2006) . We will return to these issues below.
In addition to indirect effects running through income, earnings instability, or access to health insurance, job losses may also have direct effects on well-being. A large literature in economics and sociology has shown that unemployment correlates strongly with the incidence of depression, low self-esteem, unhappiness, and even suicide. 7 While some of these outcomes are conceivably due to lower income, some of them may derive from factors independent of the earnings situation. Similarly, several authors in sociology, social work, and epidemiology have analyzed the effect of job loss on mental and physical health. These studies use either longitudinal data with health and career information, such as the Health and Retirement Survey (HRS), or study the effect of single plant closures (see Burgard, Brand, and House 2005 for an excellent survey).
Most prominently, a series of studies using the HRS has found increased incidence adverse health outcomes such as heart attacks or strokes among older job losers (e.g., Gallo et al. 2000 Gallo et al. , 2006 . A smaller set of studies has analyzed randomized trials to study the effect of job loss, job search, and health outcomes (e.g., Price, Choi, and Vinokur 2002) .
6 Current Population Surveys for the 1980s and 1990s have been matched to mortality information to form the National Longitudinal Mortality Study (e.g., Johnson, Sorlie, and Backlund 1999) . Note that the data has no panel component. 7 E.g., see papers summarized in Darity and Goldsmith (1996) and Burgard, Brand, and House (2005) .
Although the current estimates of job loss on health outcomes indicate that there are potentially significant effects on health even when controlling for detailed pre-job loss characteristics such as health and socio-economic status, they suffer from several potential drawbacks.
Furthermost, since an important body of literature shows that job loss is in itself affected by poor health, special care has to be taken to avoid selection bias. While most studies focus on workers displaced by layoffs and plant closing and try to control for background characteristics, selection problems remain even for workers displaced in layoffs and plant closings. 8 Another concern is that recent studies typically focus on mature workers, possibly missing the effects of more long-lasting exposure to low income and chronic stress from earnings instability from job loss earlier in workers'
careers. In addition, most studies do not have detailed longitudinal information on earnings and employment or employer characteristics.
Obtaining good career measures is particularly important since a small set of recent studies has suggested that economic activity and income might have conflicting effects on health outcomes.
On the one hand, Ruhm (2000) reports that mortality declines in recessions, as workers have more time to invest in their health, face fewer work-related accidents, and experience no pressure at work.
On the other hand, results from Evans and Snyder (2002) suggest that reduced economic activity may negatively affect health outcomes for older workers, perhaps due to a loss in social status or purpose. Thus, there are potentially contrasting effects of declines in earnings and employment caused by job losses. However, using aggregate shocks such as recessions or survey data with limited career information may make it more difficult to disentangle the health effects of various sources of economic activity.
Empirical Approach: Mortality, Career Outcomes, and Mass Layoffs
In the present paper, we merge two large administrative data sets to study the effects of career outcomes and exogenous labor market shocks on mortality. To analyze the effect of career conditions and job loss on health, we divide our sample into a baseline period (1974) (1975) (1976) (1977) (1978) (1979) , a mass-layoff period (1980) (1981) (1982) (1983) (1984) (1985) (1986) , and a follow-up period (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) .
We then analyze the probability of dying in the follow-up period as a function of career outcomes in the baseline period and job loss in the mass-layoff period. This structure has several advantages.
Among others, separating the baseline period and the job loss event from the follow up period reduces the bias from reverse causality running from health to income or job loss. In addition, it allows us to replicate existing studies of the effect of income on mortality (e.g., Deaton and Paxson 1999) . It also replicates important features of the well-established research design of the paper on the effects of mass-layoff by Jacobson, Lalonde, and Sullivan (1993) further discussed below.
Using this timeline, we estimate several logistic models of the annual probability of dying as function of career information 79 74 − i C measured over the horizon 1974 to 1979 (the baseline period), as well as controls for age and calendar year. In the logit-model the log-odds ratio of death is a linear function of included explanatory variables, such that the model we estimate can be represented as
where the probability of dying in year t given survival until year t-1, 
where qearn stands for quarterly earnings as measured by unemployment insurance records. As further discussed below, we also control for non-employment spells to take into account that the logarithm of earnings is not defined for zero.
Given that the probability of death is typically quite small, the log-odds ratio approximates the log of the death rate itself, and the coefficients have an approximate interpretation as percentage changes of the probability of dying. In addition, we will report the proper marginal effects on the probability of death that control for the curvature of the logistic distribution. The curvature implies that marginal effects on probabilities are highest for groups of workers who tend to have higher 9 The cumulative distribution function of the extreme value distribution is
. Workers contribute one observation for each year that they are alive from 1986 to 2001. mortality, such as older or low-income workers (i.e., the marginal effect
We first exploit the large sample sizes and limited degree of top-coding of quarterly earnings information in the unemployment insurance records to reexamine the proper functional form of the correlation of earnings and mortality; we also use our results to gauge the role of two important sources of measurement error afflicting estimates of the income-death correlation based only on survey measures of a single year of income -classical measurement error affecting surveyed earnings, and the mis-measurement of permanent earnings by current earnings.
We then analyze the effect of various measures of instability over worker's careers, among others the standard deviation of earnings, number of quarters worked, number of transitions between jobs and into non-employment, or the number of large earnings declines. In each of these cases we control for log average quarterly earnings to try to gauge the potential role of omitted variable bias (as in model (3)). We also limit the underlying heterogeneity of workers in our main samples by focusing on high-attachment male employees. Similarly, the correlations we obtain should not be afflicted by short term reverse causality or strong measurement error. However, as in any nonexperimental study, it is possible, that other biases still may impact our estimates. Thus we must be cautious in interpreting the results as a causal link between career earnings outcomes and mortality.
Instead, in our main estimates we analyze the effect on mortality of job losses due to mass layoffs. We define an involuntary job loss exactly as Jacobson, Lalonde, and Sullivan (1993) , who focus on workers born between 1930 and 1959 who lost their job between 1980 and 1986 after having remained with the same employer in the period from 1974 to 1979. Specifically, we identify the workers who left their employer at the same time that the employer experienced a 30% or larger decline in employment. Initially, we follow JLS in focusing on workers who remained highly attached to the Pennsylvania labor force as evidenced by positive reported earnings in each year 1974 to 1986. As described below, we later extend our analysis to more broadly defined samples with weaker restrictions on age and labor force attachment after job loss. 
where MLF is a dummy for whether a worker left his 1974-79 employer during a mass-layoff. The coefficient on the MLF-dummy measures the overall increase in the log odds of dying as a result of suffering job loss. To examine the source of this effect, we also examine interactions of the MLFdummy with variables such as with age at layoff, years since layoff, initial industry or initial income.
Since the shock that triggers job loss in this analysis occurs at the firm level, it should be exogenous to the onset of workers' own health problems. It is still possible that the firm lays off its least productive workers, who may in turn be of low health. To ameliorate this potential problem we control for baseline average income, with very little difference in results. Perhaps the lack in strong differences in underlying productivity correlated with health is not surprising given our focus on workers with high-attachment to their employer and to the labor force. Clearly, these workers differ in health, but the differences are likely to be significantly reduced with respect to broader populations. We also consider the evolution of the mortality effect with years since layoff and find substantial non-linearities (a U-shape). This suggests that our effects are not driven by sample selection which would imply a constant or declining difference.
As discussed in Section 2, job loss is likely to affect mortality through a variety of channels.
To gauge the effect of some of the likely channels, we estimate the effects of job loss due to mass layoff on some of the career outcomes whose correlation with mortality were analyzed in the first step. That is, we estimate the effect of mass-layoffs on average earnings, standard deviations of earnings, and non-employment. We do this by comparing the levels of these variables during the baseline period to their values during the portion of post-job loss period for which we have earnings information (1987) (1988) (1989) (1990) (1991) . That is, we estimate the following simple difference in differences model:
where t is either the pre-displacement period or the post-displacement period (1987) (1988) (1989) (1990) (1991) .
The model includes worker and time-period fixed effects as well as a quadratic in age. The displacement effect is identified by the inclusion of workers staying at their employers throughout the period under study (the comparison group). The results can be combined with the correlations obtained from models as in equation (2) to interpret the sources of the effects estimated from the effects of mass-layoff on mortality (estimated in model (3)). Clearly, this does not allow an exact decomposition of the effect, since the correlations do not represent causal estimates, but it will allow us to obtain important insights regarding the potential magnitudes of the likely importance of alternative channels.
Career Outcomes, Mass Layoffs, and Mortality

Average Earnings and Mortality
This is one of the few studies of earnings and mortality that approximate permanent earnings with more than a single year of earnings data. the natural logarithm turns out to be a good approximation to the declining correlation of average earnings and mortality, all our econometric specifications include the log of average quarterly baseline earnings. 10 The first three columns of Table 2 show various estimates of Model (1) for our main mass-layoff sample. 11 The effect of log average earnings is about -0.5 for the group of workers with high job attachment in the baseline period. Given that the probability of death is very small, the coefficient approximately implies a 10% decrease in mortality for a 20% increase in average quarterly earnings. For example, a two standard deviation increase in average quarterly earnings would lead to about a 4% decline in mortality. To properly assess the magnitudes of the estimated effects, the first 10 For high and low earnings, a fourth order polynomial does a better job at approximating the 'non-parametric' dummyvariable estimates. We chose the more parsimonious specifications, but double-checked our results by including earnings-dummies. This is particularly important when non-linearities can matter, such as in the analysis of earnings ranks. The more fully non-parametric results in the lower panel of Figure 1 confirm that a smooth concave function is appropriate to capturing the relationship between earnings and mortality. 11 Appendix Table 1 compares results across alternative samples, further discussed below. panel in Table 3 and Figure 2 show the predicted values of the probability of dying by age-and income-group based on the estimates shown in Table 2 (1 st column and 1 st row). As expected, the earnings gradient rises with age -a comparison of differences in mortality rates at 25 th and 75 th earnings percentiles shows substantial differences across age-groups. Equivalently, the role of age decreases for high-income workers.
These results are robust for cohort controls, are similar across age groups, are unaffected by controls for other career measures such as quarters worked, and are not changed if the baseline period is extended to cover 13 instead of 6 years (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) . Interestingly, the effect of income is significantly higher for workers who worked in manufacturing during the baseline period (see Appendix Table 1 , Models 5 and 6). To replicate results in the existing literature, we also estimated models of 5 and 10 year follow-up (e.g., see Deaton and Paxson 1999) . The results, shown in columns 4 to 9 in Table 2 , essentially confirm our main estimates. 12 These estimates are bigger in absolute terms than the effects estimated by Deaton and Paxson (1999, Table 5 ) using CPS earnings data matched to mortality information. Even when we follow the literature by using a single year of earnings at beginning of the follow up period (row 3 of Table 2 ), our estimates are slightly larger, albeit weaker than the effects of average earnings. As shown in Bound and Krueger (1991, Table 6 ), the reliability ratio for men at single employers is about .8 in the case of classical measurement error, and .95-1 for mean-reverting measurement error. Thus classical measurement error could explain part of the difference of using annual earnings measures from survey data (CPS) and annual earnings information from administrative data (row 3). Since the relationship between permanent earnings and current earnings also differs by age, the measurement error might be more complicated (Haider and Solon 2006) . This should be partially taken into account by the age controls included in our models.
due to correlation with quarters worked, which has a negative coefficient. 14 This somewhat surprising result is consistent with Ruhm (2000) 's analysis suggesting lower economic activity in recessions may be beneficial to health. However, it turns out that the beneficial effect of nonemployment is not a very robust feature of our data. 15 The last two columns show the results for high and low attachment samples of older workers for whom we calculate average quarterly earnings with all quarters available from 1974 to 1986 (spanning the last 10 to 15 years of workers' earnings).
The results confirm those in corresponding columns 2 and 3, and suggest that our main estimates are not driven by the choice of a particular time period or reference period within a workers' career as baseline.
Career Instability and Mortality
In addition to average quarterly earnings, other career outcomes such as the degree of employment or earnings stability may also be related to health and mortality. Table 4 shows statistics for different samples of various measures of career instability, including the standard deviation of log earnings, the number of quarters worked, the number of large declines in quarterly earnings (drops in earnings of more than two standard deviations), the number of transitions into nonemployment, the number of job changes, and the number of long non-employment spells. Workers in the main mass-layoff sample experienced important variation in earnings over the baseline period, as shown by the standard deviation and the high fraction of workers with large drops in earnings.
Although by construction this sample has very few transitions to non-employment or job changes, both earnings and employment instability become very relevant for the broader samples in the 14 The fourth column shows the results for a very broad sample that includes all workers who were ever present in the UI system between 1974 and 1979. The effects of log average earnings are even lower for this sample. These results partly derive from the fact that the standard deviation of log average earnings is much higher in the broader samples (see Table 4 ); i.e., a two standard deviation increase in log average earnings is of much more similar magnitude across samples. This also hints at the fact that for the broader sample, on average fewer observations are used to calculate average quarterly earnings. Thus, part of the difference will be due to attenuation bias from classical measurement error, too. In addition, it may be that for low-income workers, average earnings are a worse approximation of the actual amount of resources due to greater importance of second earners, family ties, and government subsidy programs. 15 The effects of quarters worked are positive for the sample of older high-attachment workers in column 5 and insignificant for more workers with some labor force attachment in column 6. remaining columns. 16 For these samples, the standard deviation of log earnings is substantially higher and a larger fraction of workers experience job changes, transitions to non-employment, and longer non-employment spells.
To estimate the correlation of these measures with mortality, we present results from logitmodels as shown in equation (2). These are shown for different samples and specifications in Table   5 and Appendix Table 2 . All models include age dummies, year dummies, and log average earnings as controls, and all results are robust to inclusion of measures of the number of quarters worked.
The main result of Table 5 is that the effect of the standard deviation of log earnings on mortality is positive, non-linear (the effect is positive and decreasing and well-captured by a log-specification, see
Appendix Figure 2 ), and substantial. The results in column 1 of the first panel in Table 5 suggest that a 20% increase in the standard deviation of earnings leads to an increase in the risk of death of about 4%. In the pooled model, this corresponds to the effect of a 10% decline in average earnings.
The estimates are also robust to inclusions of other measures career shocks such as quarters worked, non-employment transitions, or the presence and frequency of large earnings drops.
Given it is calculated over a relatively short period of time (six years), we interpret the standard deviation of log-earnings as a measure of the transitory component ( it u ) of the earnings process in equation (5). We believe this to be a reasonable interpretation of the short-term earnings risk an individual faces. This interpretation is helped by the fact that the effect of the standard deviation is robust to the inclusion of indicators for the presence of large earnings shocks and nonemployment transitions. Thus, we interpret the results in Table 5 to imply that the variability a worker faces in the labor market is negatively correlated with long-term health outcomes. Clearly, less healthy workers are likely to have higher standard deviations in earnings. However, the fact that the result also attains for very stable workers and is largely unaffected by the inclusion of log average earnings as additional control suggests it may not be fully explained by omitted variable bias. Reverse causation is not an issue given that the follow up period begins seven years after the baseline period at which the standard deviation is calculated. Table 5 also shows results for other measures of career instability and more broadly defined samples of workers. The effect of the standard deviation is present across all samples; it is smaller for the broader sample, partly due to the fact that the range of values the standard deviation takes is much higher (such that a change of two standard deviations would have a more similar effect; see Table 4 ). Similarly, its effect is essentially unaffected if it is calculated over a much longer time period (lower panel of Table 5 ). Not surprisingly, for the main high-attachment sample, the only other significant effect is the presence of large earnings declines. However, this effect fades for the sample with the long baseline in the bottom of the table. For the broader samples, transitions to non-employment tend to raise mortality even when controlling for the incidence of large earnings declines. This result stands in contrast to the sometimes beneficial effect of the amount of time spend in non-employment. Once we control for the number of times individuals transit to nonemployment, the incidence of job changes has no effect for either sample.
Overall, we interpret these results to signify that the interaction between individual health and career outcomes is potentially complex, and goes beyond a simple correlation between earnings and mortality. In particular, it appears that various measures capturing the degree of earnings and employment stability have robust effect on mortality, too. It appears that workers with unstable careers die younger. To address part of the concerns of omitted variable bias afflicting these correlations, in the next section we study the short and long-term mortality effect of an explicit shock to workers careers -an involuntary job loss in the course of mass-layoffs at the plant level.
Mass-Layoff, Job Loss, and Mortality
Like the estimates of the effects of income level and variability, our estimates of the effect of job loss on mortality are based on a logistic regression model for death in a year given survival until the previous year and include controls for age and year of the sample. The first group of estimates is for those workers who were born between 1930 and 1959 and who had some recorded earnings every year through 1986. The coefficient shown in the first column indicates that suffering a job loss due to mass layoff between 1980 and 1986 was associated with an increase in the log odds of death each year of about 0.2. Because the probability of death is relatively low, this also implies about a 20% increase in the probability of death each year. When we include the log of average earnings in the 1974-79 period, the estimated increase declines, but only to about 17%. Table 6 The main mass layoff effect in Table 6 measures the overall increase in the probability of dying in the years from 1987-2002. Figure 4 explores the role of the time-pattern of the effects of job loss hinted at in Table 6 further. The upper panel shows the raw mortality rate by mass-layoff status over the period under study. The aging of the sample is apparent for both lines. In addition, it appears the difference in mortality rates is greater at the beginning and at the end of the sample period. To eliminate age and year effects, the lower panel of Figure 4 plots the coefficients of an interaction of a job loss dummy with annual dummies for years since 1987, the beginning of our follow up period. 17 The resulting U-shape suggests that the pattern of age found in Table 6 is likely to be driven by the duration since job loss. In particular, the pattern is suggestive of an initial response due to acute stress caused by the job loss, followed by a long-term impact of increased chronic stress due to lower earnings, higher earnings instability, and unstable employment.
Effects of Mass Layoffs on Career Outcomes
To better understand how displacement impacts mortality, we also studied the impact of displacement on workers' career earnings outcomes, both with respect to level and variability. As noted above, our estimates are based on a simple difference in differences specification that controls for a quadratic in age. Because in our Pennsylvania administrative data earnings may appear to be zero when workers have moved out of state, we further restrict the sample to workers who had positive earnings in every year through 1991.
As Table 7 shows, we estimate that displacement some time during the 1980-1986 time period reduces workers' earnings by approximately 22% in the 1987 to 1991 period. These estimates are quite similar to those reported in Jacobson, Lalonde, and Sullivan (1993) for a somewhat shorter follow up period. Thus the earnings losses associated with job displacement for workers with substantial job tenure appear to be extremely persistent. 
Interpretation
Using the results in Table 7 , one can gauge the potential order of magnitude of different channels through which mass-layoffs can affect mortality. To do so, we combine the mass-layoff results with the correlations estimated in Tables 2 and 5 . Clearly, this does not yield a true decomposition of the effect as if these were causal parameters. Below, we will try to gauge our interpretation using parameters from other quasi-experimental studies.
The two main career outcomes that resulted most important are average quarterly earnings and the standard deviation of log quarterly earnings. From Table 7 , job displacements at masslayoffs persistently reduce earnings by about 25% for workers with continued high labor market attachment, and up to 50% for a broader sample including workers with more tenuous attachment to the labor market after job loss. Taken at face value, the estimated correlation of average earnings with mortality of -0.5 ( Table 2 ) would imply that we expect an increase in mortality of about 12.5%
for workers with high attachment (.25*.5). Thus about two-thirds of the main mass-layoff effect on mortality in Table 6 , 0.17, could be explained by the observed declines in average earnings. Clearly, if frail workers die younger and have lower average earnings, this prediction overstates the potential effect of job loss through earnings. In his study of Swedish lottery winners, Lindahl (2005, Appendix Table 2) shows that the effect of controlling for initial health conditions tends to reduce the correlation between mortality and earnings by about a third to a half. 18 Were this to be the case, the predicted role of earnings in explaining the mass layoff effects is reduced to about half of the effect, which is still substantial. Note however that our high-attachment sample is likely to be of better health than the older sample used in Lindahl (2005) .
The remaining effects could partially be driven by increases in the instability of earnings and other career outcomes. Table 7 shows that the standard deviation of log earnings increases on average by about 16% at a mass-layoff. At a coefficient of -0.2 (Table 5) , this implies an increase in the probability of dying of about 3.2%. While the order of magnitude of this effect is much lower than the potential impact of earnings, it can still account for about 20% of the mass-layoff effect.
Again, if frail people have higher earnings instability and higher death rates, this prediction is likely to be over stated. However, the fact that they also attain for workers with high job attachment and are robust to controls for baseline average income lends additional credibility to the results.
Conclusion
This paper uses administrative data covering over 15 years of quarterly earnings and employer records matched to individual mortality information to study the long-term effects of job loss on mortality. To measure an event plausibly exogenous to workers' own health outcomes, we analyze job losses occurring when employers experience mass layoffs affecting at least 30% of their work force. To further control for selection, we also control for workers' average earnings in the period before job loss. The results suggest an increase in 15-20% in the probability of dying in the 20 years after a job loss. This effect, robust across alternative samples and specifications, is particularly pronounced in the period following the job loss and in the long-run, consistent with stronger responses to acute and chronic stress.
To analyze the channels underlying the mass-layoff effect we also analyze the correlation of long-run career outcomes on the probability of dying. We show that the average and standard deviation of earnings during a baseline period have large and significant correlations with mortality in a later follow up period. The results on the role of earnings and employment instability are novel with respect to the existing literature on mortality that has had not access to long-run career outcomes. Together with estimates of the effects of mass-layoffs on long-run career outcomes we use these correlations to gauge the potential role of economic factors in driving the effects of job loss we find. The results suggest that an important fraction of the effect of job loss on mortality can be attributed to persistent losses in earnings. Similarly, increases in earnings instability appears to contribute to detrimental effects of layoffs on health.
These results suggest that events in the labor market shaping workers' careers also have long-run effects on health outcomes. While our results do not speak to the role of non-economic factors such as stress, self-worth, and happiness, they suggest that an important part of the negative health consequences of mass-layoffs can be prevented by providing assistance that stabilizes the level and variance of earnings. Notes: Probabilities predicted using coefficients from the logit model of row 1 and column 1 in Table 6 . Notes: Probabilities predicted using coefficients from the logit model of row 1 and column 1 in Table 2 . Notes: Entries in table are coefficients from logit models of the annual probability of dying from 1987 to 2002. All models also include dummies for age and year. Standard errors are in parentheses. Columns give details on sample specifications, the range of birth cohorts, and the length of the base-line period over which career outcomes are calculated. Different rows correspond to different models. Notes: Entries in table are coefficients from logit models of the annual probability of dying from 1987 to 2002. All models also include dummies for age and year. Standard errors are in parentheses. Columns give details on sample specifications, the range of birth cohorts, and the length of the base-line period over which career outcomes are calculated. Different rows correspond to different models. Model 5 also controls for the number of non-employment spells. 
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